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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Application of Stephen T. Wellinghoff et al. 
Serial No. 09/488,927 
Filed November 24, 1999 

^ENErSy-ACTIVATED COMPOSITIONS FOR CONTROLLED SUSTAINED 

RELEASE OF A GAS 
Examiner Joseph D. Anthony 
Group Art Unit 1714 

nftCH , ARATION HP STEPHEN T WF.T.UNQHOFF 
Tr^ppp^7r!f R. §1.132 

TO THE COMMISSIONER OF PATENTS AND TRADEMARKS, 
SIR: 

I, Stephen T. Wellinghoff, hereby declare and stats as follows: 

1. I am a co-inventor of the subject matter claimed in the above-referenced patent 

application. 

2. I am an Institute Scientist for the Southwest Research Institute, Division of 
Chemistry and Chemical Engineering. I received aB.S. in Chemistry from Case Western 
Reserve University in 1971, an M.S. in Macromolecular Science from the university u 1972, and 
a Ph.D. in Macromolecular Science from the university in 1976. 

3. I have conducted extensive researching subjectmatter of the present invention. 
I am an inventor or co-inventor of fourteen (14) United States patents directed to compositions 
and methods for gas generation and release. In my work, I rely not only upon my own researcl i 
and experience, but also substantially on the results of research and development by others 
around the world published in scientific journals, as well as in the specifications of patents and 
published patent applications. I assess such published work by others for myself, and if I 
consider it to be sound and relevant, use it as a basis of knowledge and assistance in my own 
work. 

4. I consulted with applicant- s attorneys regarding the prior art references cited by 
the Office against Represent application in the 16 September 2003 Office action. The 12 
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December 2003 response filed by applicants attorneys was based, in part, on my analysis of 

those references. 

5 I analyzed At nine (9) references cited by the Office as anticipating the claimed 
subjectmatterincludingU.S. Patent No. 5,108,649 to Matsumoto, U.S. Patent No. 5,330,661 to 
Okuda, U S. Patent No. 5,008,096 to Ringo.U.S. Patent No. 5,753,106 to Schenck, U.S. Patent 
No 5,772,897 to Hancock, U.S. PatentNo. 6,306,352 to Yoshida, U.S. Patent No. 5,783,105 to 
Zhang U S. PatentNo. 5,896,126 to Yoshida and U.S. Patent No. 5,41 1,643 to Cawlfield. Itis 
my opinion that the claims are novel over each of tfiose references In addition, it is my opmon 
that it would not have been obvious to modify the teaching of U.S . 126 to arrive at the claimed 
subject matter. 

6 U.S. Patent No. 5,108,649 to Matsumoto teaches a preserving agent, method and 
container for maintaining the freshness of fresh marine products. The preserving agent in 
Matsumoto Example 2 is comprised of sodium chlorite (or chlorate), iron powder and feme 
oxide While Matsumoto describes deoxidizing marine products using the preserving agent, it 
does not describe the generation and release of an oxidizing gas as required in the present claims. 
In fact Matsumoto teaches the opposite; the preserving agent functions by reducing gas (oxygea) 
concentration. Matsumoto teaches the use of oxidizing agents such as chlorite, chlorate and 
hypochlorite for the oxidation of ironmetal to oxides of iron. In the absence of oxychloro amor*, 
finely divided iron would react wim oxygen in the atmosphere to produce iron oxide by the 
following reaction ™r'<™ wilchedia PT^iVi/KI petrochemistry - see below). 

"Iron corrosion 




tree 



Diagram showing a water droplet over an iron surface. 
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Electrochemical mechanisms are involved in iron rusting process. For iron rust to 
occur, the metal has to be In contact with oxygen and water. Although chemical reactions 
for this process are some complex and not all of them have been completely understood, U 
is believed the mechanism is as follows: 

Electron transferring (Reduction-Oxidation) 

1. One surface of the metal acts as the anode where the oxidation occurs. 
FeG^Fe^aq^e 

2. Electrons are transferred from iron reducing oxygen in the ' »^phere into 
water on the cathode, which is placed in another region of the metaL 

Oj (g) + 4H* (aq) + 4e -> 2 H 2 0 (1) 

3. Global reaction for the process: 

2 Fe (s) + Oi (g) + 4 H* (aq) •» 2 Fe J+ (aq) + 2 HjO (Q 

4. Standard emf for iron rusting: 

E 0,a E* (! rf»ode-E 0 ,uw4B 

E q = 1.23V- (-0. 44V) = 1.67V 

Iron corrosion takes place on acid medium; it ions come from reaction between 
carbon dioxide in the atmosphere and water, forming carbonic acid. Fe> + ions form oxides 
according to the following equation: 

4 Fe 2+ (aq) + Oi (g) + (4 +2x) H 2 0 (I) •» 2 FejOj-xrfcO + 8 it (aq) 

Hydrated iron (III) oxide is known as rust. Water associated with iron oxide varies, 
thus chemical representation is presented as Fe^xtfcO. The electric circuit works as 
passage of electrons and ions occurs, thus if an electrolyte is present it will facilitate 
oxidation. That explains why rusting is quicker in salt water." 

Oxidation of iron metal, fint to Fe +2 and then secondly to Fe* 3 (Fe 2 O s ), generates no net 
protons since 2 proton/mole Fe are required in the first reaction and 2 protons/ Fe +2 are 
generated in the second reaction. 
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Unfortunately, this reaction alone is quite slow under normal conditions and would be 
unable to remove oxygen from the environment at sufficient rate for the Matsumoto application. 
Therefore Matsumoto adds another oxidizer, an oxychloro anion, which presumably acts as an 
accelerant for the corrosion reaction while not oxidizing enough iron itself to significantly 
deplete the iron metal-oxygen sink. 

The standard redox reaction for chlorite is shown below 1 : 

C10 2 - + 2H 2 0 + 4e ->Cl +40rT Eo- 0.78V 

This reaction is sufficiently positive on the standard hydrogen electrode scale (SHE) to 
oxidize both Fe +2 and Fe» so, in principle, chlorite could either accelerate the corrosion of the 
metal or promote the formation of iron oxide-hydrated in situ. Conceivably, the accelerated 
formation of oxyhydroxide could promote air oxidation of the iron (and thus deoxygenation oi 
the surrounding atmosphere). However, Matsumoto proposes no mechanism promoted by the 
presence of oxychoro anions. 

Chlorine dioxide can be generated through the disproportionation reaction: 

4C10/ + 2Ff -> 2C10 2 + CT + C10 3 - + H 2 0 

However, as can be seen from the above discussion, the oxygen reaction with iron 
generates no net P H change while disproportionation of chlorite to chloride and chlorate requires 
acidic conditions. In addition, reduction of chlorite through option of the metal would reduce 
acidity along with generating chloride ion. This implies that chlorine dioxide would not be 
released through disproportionation in the Matsumoto system. 

Finally, if any chlorine dioxide were generated, it would immediately react with Fe oi 
Fe +2 because of the very high oxidation potential of chlorine dioxide: 

C102 + e->C10 2 - Eo- 0.95 V 

Therefore, the system utilized by Matsumoto would not produce chlorine dioxide and, in 
any case, would consume any that was produced. In addition nowhere does Matsumoto mention 
the use of electromagnetic energy (light, e.g.) to produce chlorine dioxide gas. 

'Ma.schdeij.WJ, "Chlorine dioxide: Chemistry and Environmental impact of oxychlorine compounds". Ana Arbor 
Science, Ann Arbor, Michigan, 1979, p 45 (copy attached hereto). 
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7. U.S. Patent No. 5,330,661 to Okuda teaches a process and apparatus for treating 
water contaminated with a toxic organochlorine solvent. More specifically, Okuda describes 
decomposition of organochlorine solvent* to form carbon dioxide, water, hydrochloric acid, etc. 
(column 3, lines 40 to 47) by UV irradiation of an aqueous system containing barium ttanate 
and dissolved hydrogen peroxide and/or ozone. Ozone is added to the reaction system before 
organochlorine decomposition and is not generated by reaction. Carbon dioxide is generated by 
the decomposition of organic matter, not by the oxidation or reaction of anions to generate a gas. 
Such decomposition reactions were addressed by applicants in the background of Ihe subject 
application atpage 1, tines 20 to 29, where* itis statedlhat ''[cjarbon dioxide is generated by 
the decomposition of organic matter, not by the oxidation of anions » Okuda therefore does not 
describe the reaction of anions to generate and release a gas as claimed. 

8. U.S. Patent No. 5,008,096 to Ringo teaches a mettiod for enhancing generation of 
chlorine dioxide by contacting an aqueous medium containing a dissolved chlorine dioxide 
precursor (e.g., sodium chlorite) with an amount of chlorine gas, sodium hypochlorite, or 
hydrochloric acid which reacts with a catalytic amount of a transition metal. Chlorine dioxide is 
said to be generated in response to increased acidity (column 3 , lines 6 to 8 and column 4, lines 
3-17). Chlorine dioxide is described as being generated from dissolved sodium chlorite in acid L c 
systems in ihe absence of a transition metal (column 3, lines 56 to 63, and throughout the 
Examples). Thus, chlorine generation does not result from an electromagnetic energy 
raecharosm. A transition metal is described only as a gas generation enhancer (column 3, line 64 
to column 4, line 2, and throughout the Examples). Generation and release of a gas through 
activation of a catalyst with electromagnetic energy and reaction with an anion is not described 
or suggested. Ringo therefore does not describe the reaction of anions to generate and release a 
gas as claimed. 

9. U.S. Patent No. 5,753,106 to Schenck teaches a method of oxidative purification 
of a medium that contains contarninants in Ihe form of an oxidbable carbon compound. 
Example 5 describes decomposing by UV irradiation trichloroethane solvent in an acidic 
aqueous solution containing dissolved sodium persulfete. The contaminants are decomposed 
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according to a series of reactions as described at column, 2 to 3 of the patent Column 14, hues 
33-56 describes adding hydrogen peroxide and titanium dioxide as decomposition enhancers. A* 
withOkuda, a gas is generatedby the decomposition of organic matter in theabsenceof a 
catalyst, not by the oxidation or reaction of anions to generate a gas. Schenck therefore does not 
describe the reaction of anions to generate and release a gas as claimed. 

10 U S. Patent No. 5,772,897 to Hancock teaches a catalytic oxidation process in an 
aqueous medium comprising adding an oxidizing agent to the aqueous medium and passing the 
mixture through a fixed bed of a particulate catalyst. The oxidizing agent is decomposed by the 
!a talystwith the evolution of oxygen (column 2, lines 18*39)- Nowhere in Hancock is the 
ia talyst described as being "capable of being activated by electromagnetic energy," or "capable 
of being activated by tight" as required in the present claims. Therefore, the claims are not 
anticipated by Hancock because Hancock does not teach energy activated oxidation, aruons 
capable of generating a gas, a gas-releasing composition or reaction of anions to generate and 
release a gas. Hancock teaches decomposition to form carbon dioxide and water (column 3, 
lines 20-32 and Example 4) by ft* decomposition of organic matter, not by the oxidation of 
anions (column 5, line 35; Example 4; application specification at page 1, lines 20-29). 

U. In feet, Hancock teaches the minimization of gas evolution (column 1, lines 56 - 
59- column 4, lines 1-5) and therefore teaches away from the present invention. Hancock goes 
onto teach that leaching of the catalyst into the effluent is undesirable (column 4, lines 6-1 1). 
Nowhere does Hancock describe anions capable of generating a gas, a composition comprising 
the catalyst and solid or solid containing suspension containing the anions, or a gas releasmg 
composition. If Ihe anions in Hancock were energy activated, as in the present claims, then the 
peroxide would form ozone, not oxygen, and the hypochlorite would form chlorine, not oxygen. 

12. U.S. Patent No. 6,306,352 to Yoshida teaches an oxygen-generating material 
which is prepared by packaging solid peroxide and peroxide decomposition catalyst in a 
moistuxe-penneablematerial. The oxygen generating materials of Yoshida genera* oxygen by 
coming in contact with water or moisture (column 8, lines 6 to column 9, line 6). Like Hancock, 
Yoshida describes moisture activated decomposition, not energy activated oxidabon or reactioa 
of anions, to generate and release a gas. Yoshida also includes a moisture-activated 
decomposition catalyst to catalyze the decomposition of hydrogen peroxide into water and 



6 



PAGE 41153 • RCVD AT 3/20/2006 5:57:31 PM [Eastern Standard Time] • SVR:USPTO€FXRF-2/3 * DNIS:2738300 * CSID:3145881357 ' DURATION (mm-ss):1540 



p. 



BTEC 9643 
PATENT 



oxygen gas . If the decomposition in Yoshida were instead energy activated, as in the present 
claims, then Yoshida's composition would produce ozone, not oxygen. The feet flat the 
decomposition described by Yoshida would produce ozone if it were energy activated, shows 
Ihat Yoshida does not teach or suggest Hie possibility of energy activation. 

13. U.S. Patent No. 5,783,105 to Zhang teaches abreathable oxygen gas generation 
composition comprising substantially carbon-free tin as fuel and rheological modifier, a 
transition metal oxide as catalyst and an oxygen source consisting of alkali metal chlorates or 
perforates. The oxidation of the gas-producing anions is thermally activated through the 
ignition and combustion of tin (column 5, line 65 through column 6, line 8). An ignition pellet xs 
ignited by firing a percussion primer which then initiates tin combustion that thermally catalyze, 
the oxidation of the oxygen source thereby releasing oxygen gas. Such use of metal oxides as 
thermally activated catalysts for the oxidation of inorganic anions provide uncontrolled, 
irreversible, rapid and voluminous oxygen gas release for use in aircraft oxygen generators. 
Zhang does not describe the use of the transition metal catalysts as electromagnetic- or photo- 
catalysts to initiate controlled generation and release of a gas. Zhang does not teach, suggest, oc 
provide any motivation to generate a gas from an anion through electromagnetic energy- 
activated catalysis as claimed in the present invention. No disclosure in Zhang would have 
motivated the skilled person to make the energy-activated compositions of the claimed invention. 

14. U.S. Patent No. 5,896,126 to Yoshida teaches an air bag gas-generating 
composition comprising an azodicarbonamide, an oxo halogen acid salt and a nitrate. The gas 
generation mechanism involves the thermal activated oxidation of an organic compound 
containing nitrogen by an oxo halogen salt or nitrate to provide gas release for use in automotive 
air bags (column 3, lines 6-27). An igniter is electrically detonated to thermally oxidize the 
organic compound thereby releasing nitrogen gas. Addition of metal oxide is taught as a 
combustion control catalyst to adjust burning velocity (column 5, lines 30-45). Although 
Yoshida's composition may include a metal oxide, it serves as a combustion control catalyst and 
does not catalyze oxidation or reaction of anions to generate and release a gas, as in the claimed 
invention (column 5, line 30 to column 6, line 36). The function of the metal oxide in Yoshida 
composition is to control flie burning velocity within acceptable limits, not to catalyze the 
oxidation reaction. 
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15. Yoshida, U.S. '126, does notteach, suggest, or provide any motivation to generate a 
gas from an anion through electromagnetic energy-activated catalysis as claimed in the present 
invention. Yoshida's description of thermal activated oxidation of an organic compound 
centring nitrogen by an oxo halogen salt or nitrate to provide uncontrolled, irreversible, rapid 
and voluminous nitrogen gas release for use in automotive air bags would not have motivated 
one skilled in the art to make the claim* invention, and would not have provided any guidance 
as to how to do so. The use of chlorite or hypochlorite would not have resulted in oxidation or 
reaction of such anions to generate and release chlorine dioxide or chlorine gas as suggested by 
the Office. Therefore, even if one was motivated from Yoshida's disclosure to select and 
substitute applicants claimed anions, me substitution does not result in the claimed invention. 

16. U.S. PatentNo. 5,411,643 to Cawlfield teaches aprocess for producing manganese 
dioxide and zvnc metal by using chloric acid to separate rinc oxide and manganese oxide. In 
Cawlfield, manganese oxide is reacted with a molar excess of chloric acid to form chlorine gas, a 
fi olid phase containing manganese dioxide, a liquid phase containing chloric acid and water. The 
chloric acid dissociates into hydrogen ions and chlorate ions in aqueous solution. If the chlonne 
gas resulted from energy activation of anions, as required by the pending claims, then me resull 
would be hypochlorite, not chlorate anions as in Cawlfield. 

17 The purpose of the process taught in Cawlfield is to produce manganese dioxide 
and zinc metal. Nowhere does Cawlfield teach, suggest, or provide any motivation to generate a 
gas from an anion through electromagnetic energy-activate catalysis as claimed in the present 
invention. While Cawlfield may include a metal oxide, the purpose of his invention is to 
separate the zinc oxide and the manganese oxide to produce manganese dioxide and elemental 
zinc The metal oxide in Cawlfield does not serve to catalyze oxidation or reaction of anions to 
generate and release a gas as in the claimed invention. The function of the metal oxide in 
Cawlfield is to serve as the basis for the production of an elemental metal, not to catalyze the 
oxidation reaction. 

18 I further declare that all statements made herein of my own knowledge are true 
and mat all statements made on information and belief are believed to be true, and further that 
these statements were made with Ihe knowledge that willful false statements and the hke so 
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
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Unites States Code, and that such willfiil false statements may jeopardize the validity of flie 
above-referenced 



Date: 20 March 2006 
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